Previous studies that have investigated the association between B-vitamin supplement use and risk for cataract yield conflicting results. The aim of this study was to examine the association between use of high-dose B-vitamin supplements (approximately 10 times recommended daily intake) and risk for age-related cataract in a population-based prospective study of 13 757 women from the Swedish Mammography Cohort and 22 823 men from the Cohort of Swedish Men. Dietary supplement use and potential confounders were assessed using a questionnaire at baseline. Information on cataract diagnosis and extraction was obtained through linkage to registers. During the follow-up period between January 1998 and December 2011, we identified 8395 cataract cases (3851 for women and 4544 for men). The use of B vitamins plus other supplements and B vitamins only was associated with 9 % (95 % CI 2, 17) and 27 % (95 % CI 12, 43) increased risk for cataract, respectively. The hazard ratios for use of B vitamins only and risk for cataract stratified by different age groups were as follows: <60 years: 1·88 (95 % CI 1·47, 2·39); 60-69 years: 1·21 (95 % CI 0·96, 1·53); and ≥70 years: 1·09 (95 % CI 0·91, 1·31) (P interaction = 0·002). Our results suggest that the use of high-dose B-vitamin supplements was associated with an increased risk for cataract. This association might be confined to younger participants.
The aetiology of age-related cataract includes oxidative damage of the lens (1) . Although antioxidants can protect against oxidative stress, the use of several high-dose antioxidant supplements, such as β-carotene, vitamin C and vitamin E, have not shown a protective effect against age-related cataract development in large, randomised clinical trials (RCT) (2) . Of note, we have previously observed in cohort studies of women (3) and men (4) that the use of single, high-dose vitamin C and vitamin E supplements was associated with increased risk for cataract. Low plasma B-vitamin levels, especially of vitamin B 6 , have been associated with higher oxidative stress and inflammation, as well as with an increased risk for many diseases such as CVD (5) (6) (7) (8) . However, RCT examining the effect of B-vitamin supplements on cancer (9) , CVD (10) and Alzheimer disease (11) have not shown any protective effects. B vitamins at high concentrations have also been shown to be toxic and may exert pro-oxidative properties (12, 13) . B vitamins are found in a variety of foods including eggs, dairy products, meat, cereals and legumes.
Few studies have examined the association between B-vitamin supplement use and risk for cataract and have shown inconsistent results. One RCT reported in a population with micronutrient deficiencies at baseline that those who received B vitamins (doses approximately twice the recommended daily intake (RDI)) had a decreased risk for nuclear cataract but an increased risk for posterior subcapsular cataract (14) . One cross-sectional study also observed a lower prevalence of nuclear and cortical cataracts, but a higher prevalence of posterior subcapsular cataract among users of high-dose B vitamins (15) . On the other hand, two prospective cohort studies observed no association between the use of B vitamins and risk for cataract (16, 17) . However, the studied doses were unknown in those two prospective cohorts. With a longer follow-up time and more cataract cases, this study was an extension of our previous studies on other high-dose supplements (vitamin C, E) and low-dose multivitamins and risk for cataract (3, 4) . The aim was to examine the associations of high-dose B-vitamin supplements with the risk for agerelated cataract in women and men. We also examined whether the associations varied by age and oxidative stress-related factors.
Methods

Study population
The study population consisted of women and men from two population-based cohorts: the Swedish Mammography Cohort (SMC) and the Cohort of Swedish Men (COSM). The SMC was established during [1987] [1988] [1989] [1990] and invited all women born between 1914 and 1948 and residing in Uppsala and Västmanland Counties in central Sweden to complete a mailed questionnaire regarding diet and lifestyle factors (response rate 74 %). In the late fall of 1997, a second follow-up questionnaire was sent to the women aged 48-83 years, and 70 % responded. The COSM was established in the late fall of 1997 and invited all men, aged 45-79 years, living in Örebro and Västmanlands Counties in central Sweden to complete a questionnaire regarding diet and lifestyle factors, similar to the one used in the SMC (response rate 49 %). The study participants are representative of the Swedish population of middle-aged and elderly women and men with regard to factors such as age distribution, BMI and smoking habits during the study period (18) . For the analysis, we excluded those who returned a blank questionnaire (n 448), had a missing or erroneous personal identity number (n 92), who died before 1 January 1998 (n 97), had a previous cancer diagnosis other than non-melanoma skin cancer (n 4309; identified from the Swedish National Cancer Register), had a cataract diagnosis and/or cataract extraction before baseline (n 1719), those with missing information on supplement use (n 7409) or those who only used other supplements than B vitamins (n 31 168) -in order to avoid potential confounding by other supplements -and those with missing information on variables included in the final model (smoking status, n 564; corticosteroid use, n 7195; and education, n 175), leaving a total of 36 580 participants (13 757 women and 22 823 men). The analytical cohort included non-supplement users and users of B vitamins plus other supplements or users of B vitamins only.
This study was approved by the Regional Ethical Board at Karolinska Institutet (Stockholm, Sweden). Completion and return of the self-administered questionnaire was considered to imply informed consent to participate in this study.
Assessment of B-vitamin supplements
Dietary supplement use was assessed by a self-administered questionnaire at baseline that included a general question 'Do you use vitamin, mineral, or other supplements?' with the prespecified responses of no, regular use and occasional use, followed by questions on specific supplements including vitamin-B complex, vitamin B 6 and folic acid. On the basis of the B-vitamin supplements available on the Swedish market, the dose of the different B vitamins included in vitamin-B complex was estimated to be approximately 10 times RDI and, as a single supplement, approximately 25 times RDI during the studied period (19) .
Assessment of confounders
The self-administered questionnaire completed by the participants at baseline contained information on potential confounders including age, smoking status (never, past or current smokers), use of corticosteroids (yes or no), use of aspirin (yes or no), abdominal obesity (defined as waist circumference ≥80 cm in women and ≥94 cm in men), educational level (<9, 9-12 or >12 years), alcohol intake (g/d) and fruit and vegetable intake (g/d). Participants with a history of hypertension or CVD were identified through linkage to the National Inpatient and Outpatient Registers at the National Board of Health and Welfare and hypertension was also identified through self-reported data from the questionnaire. Diabetes history was obtained through the National Outpatient Register, National Diabetes Register and self-reports.
Case ascertainment and follow-up
We obtained information on cataract diagnosis and cataract extraction through linkage to the National Outpatient and Inpatient Registers at the National Board of Health and Welfare (International Classification of Diseases (ICD)-10, code H25 and operation codes CJC, CJD, CJE, CJG). We also linked with local cataract extraction registers from both public and private clinics and with the Swedish National Cataract Register (coverage: approximately 97 % of all cataract extractions in Sweden) (20) . Cataracts were not included if they were considered to be congenital or secondary to ocular trauma, intraocular inflammation or previous intraocular surgery (ICD-10, code H26).
During the follow-up period between 1 January 1998 and 31 December 2011, we identified 8395 incident cases of age-related cataract (3851 cases in women and 4544 cases in men), defined as women and men with cataract diagnosis and/or cataract extraction. Among those, 2156 participants had only cataract diagnosis and not extraction; and 6239 participants had cataract extraction. Date of death was identified through linkage to the Swedish Death Register.
Statistical analysis
B-vitamin supplement users were categorised into users of B vitamins (including vitamin-B complex, folic acid and/or vitamin B 6 ) plus other supplements or users of B vitamins only. The reference group was non-supplement users. The cumulative cataract incidence rate over time of follow-up among users of B vitamins and non-users was derived from Kaplan-Meier curves. Cox proportional hazards models were used to calculate multivariable-adjusted hazard ratios (HR) and 95 % CI in the cohort. Stratified analyses by age groups (<60, 60-69 and ≥70 years) and sex were also performed. Follow-up ended at the date of cataract diagnosis, date of cataract extraction, date of death or at the end of the follow-up period (31 December 2011), whichever came first. The main multivariable model was adjusted for age (5-years age groups: <50, 50-54, 55-59, 60-64, 65-69, 70-74 and ≥75), sex, smoking status (never, past and current smokers), corticosteroid use (yes or no), educational level (<9, 9-12 or >12 years) and history of CVD and/or diabetes (yes or no). In addition, we adjusted for abdominal obesity (waist circumference ≥80 cm in women and ≥94 cm in men), history of hypertension (yes or no), use of aspirin (yes or no), alcohol intake (g/d) and fruit and vegetable intake (g/d). Complete subject analyses (by only including participants with values available for all covariates) were performed. Similar results were obtained if we used age as the underlying timescale in the Cox models. For the main analyses, we estimated HR both in the whole study cohort and after exclusions of those with a history of CVD and/or diabetes (to evaluate potential influence from diet and lifestylerelated changes due to the diagnoses, as both diseases are associated with an increased risk for cataract). The proportional hazard assumption between the exposed and non-exposed was tested by including the product of B-vitamin supplements and the natural logarithm of time in the models and we found no departure from this assumption. In sensitivity analyses, we excluded the first 4 years of follow-up to evaluate the potential risk for reverse causality, as well as used shorter follow-up period (between 1998 and 2006), to check for potential exposure misclassification due to long follow-up.
The difference in time to event (cataract diagnosis and/or cataract extraction) between users of B-vitamin supplements and non-users was estimated by applying Laplace regression (21) (22) (23) .
We modelled the 10th percentile of survival in both groups, which is the point in time when 10 % of the group has had an event. The survival time for the 10th percentile was adjusted for the same covariates as in the proportional hazard multivariable model.
Further, we examined whether the risk between B vitamins and cataract differed by oxidative stress-related factors, including smoking, corticosteroid use, history of CVD and/or diabetes and alcohol intake. The likelihood ratio test was used to test for interaction between these factors and use of B-vitamin supplements.
All P values shown are two-sided and P < 0·05 were considered statistically significant. The statistical analyses were performed using SAS (version 9.3; SAS Inc.) and Stata (version 12; StataCorp LP).
Results
During an average of 11·6 years of follow-up (424 862 personyears), we identified 8395 cases of age-related cataract (3851 cases in women and 4544 cases in men). In this study, 8·9 % of the participants used B vitamins plus other supplements and 2·4 % used B-vitamin supplements only. Baseline characteristics of the participants by B-vitamin supplement use are presented in Table 1 .
The cumulative cataract incidence rate over time of follow-up and stratified by B-vitamin supplement use is shown in Fig. 1 . The incidence rates of cataract and the HR and 95 % CI for users of B-vitamin supplements in the study cohort and in the CVD and diabetes-free cohort (by excluding those with a history of CVD and/or diabetes) are presented in Table 2 . In the study cohort, users of B vitamins plus other supplements and users of B vitamins only had a statistically significantly increased risk of 9 % (95 % CI 2, 17) and 27 % (95 % CI 12, 43) for cataract (diagnosis and/or extraction), respectively, compared with nonsupplement users. We observed similar associations in the CVD and diabetes-free cohort. The results also remained similar after additional adjustments for abdominal obesity, history of hypertension, aspirin use and dietary factors, including alcohol intake and fruit and vegetable intake (HR for B vitamins plus other supplements and B vitamins only were 1·08 (95 % CI 1·01, 1·16) and 1·27 (95 % CI 1·12, 1·43), respectively), as well as for separate analyses of cataract extractions and cataract diagnosis.
The use of B vitamins stratified by different age groups (<60, 60-69 and ≥70 years) are shown in Table 3 . There was no significant interaction between use of B vitamins plus other supplements and age in relation to cataract risk (P interaction = 0·26). However, the use of B vitamins only was associated with a statistically significantly increased risk of 88 % (95 % CI 47, 139) for cataract in the youngest age group (<60 years), but not in the older age groups (P interaction = 0·002). Moreover, similar associations were observed in women and men separately for the use of B vitamins plus other supplements (P interaction = 0·11) and B vitamins only (P interaction = 0·15).
In the sensitivity analysis, we excluded the first 4 years of follow-up to check for potential reversed causality (e.g. changes in B-vitamin supplement use related to early cataract symptoms). The results remained similar: the HR and 95 % CI for cataract risk among users of B vitamins plus other supplements and users of B vitamins only were 1·08 (95 % CI 1·00, 1·17) and 1·26 (95 % CI 1·09, 1·45), respectively, compared with non-users. Similar results were also observed when using a shorter follow-up period (between 1998 and 2006), to check for potential exposure misclassification (B vitamins plus other supplements: HR = 1·13; 95 % CI 1·03, 1·24; and B vitamins only: HR = 1·30; 95 % CI 1·11, 1·52).
We used Laplace regression to estimate the difference in time to event (cataract diagnosis and/or cataract extraction) between B-vitamin users and non-users. Among non-users, 10 % of the participants had the event by an overall 10 years of study entry, whereas among users of B vitamins only the same proportion (10 %) had the event 1·5 years (95 % CI 0·59, 2·43) earlier, after adjusting for the same covariates as in the proportional hazard multivariable model.
We also investigated whether the association between use of B-vitamin supplements and risk for cataract was modified by factors related to increased oxidative stress, including smoking, corticosteroid use, history of CVD and/or diabetes and alcohol intake. There were no statistically significant interactions between B-vitamin supplement use only and the factors examined (data not shown; all P interactions >0·14).
Discussion
In this large, population-based prospective cohort study, we observed that the use of high-dose B-vitamin supplements was associated with an increased risk for age-related cataract. The positive association with the use of B-vitamin supplements only seemed to be confined to younger participants. By comparing the same proportion (10 %) of participants who got diagnosed with cataract and/or had cataract extraction, users of only B-vitamin supplements had the event 1·5 years earlier than non-users. Of note, we have previously observed in the same cohorts that high-dose vitamin C and vitamin E supplements, but not low-dose multivitamins, were associated with increased risk for age-related cataract (3, 4) . Our results are partly in line with those from an RCT (the Linxian Cataract Studies) that reported in participants aged 65-74 years who received riboflavin (3 mg) and niacin (40 mg) supplements a statistically significantly increased risk for posterior subcapsular cataract, but a decreased risk for nuclear cataract (14) . However, the study population in that trial had chronic deficiencies of several micronutrients at baseline, which makes the comparability to our study limited. Moreover, one cross-sectional study (the Blue Mountains Eye Study) also reported a higher prevalence of posterior subcapsular cataract among users of high-dose thiamine and pyridoxine (vitamin B 6 ) supplements; however, the use of other B-vitamin supplements was associated with a reduced prevalence of nuclear and cortical cataracts (15) . Two prospective cohort studies observed no association between B vitamins and cataract (16, 17) . In the Beaver Dam Eye Study, the use of B-vitamin supplements (unknown dose and duration) was not associated with any type of cataract (16) .
In the Nurses' Health Study, dietary intake of riboflavin (from foods and supplements) was not associated with cataract extraction (17) . The biological mechanisms behind our findings are unclear. Some studies (mostly experimental) have shown that B vitamins may have antioxidant properties (24) (25) (26) (27) such as inhibiting advanced glycation end product formation (28) and protein oxidation in diabetic lens cells (29) . However, B vitamins at higher concentrations may also have pro-oxidative properties (12) , such as stimulating lipid peroxidation, which have been shown in vitro for vitamin B 1 (2·5 mM) and vitamin B 6 (2·5 mM) (13) . It has been observed that individuals with cataract had higher blood levels of vitamin B 6 ( 30) . The estimated plasma concentration of pyridoxal 5'-phosphate (active form of vitamin B 6 ) was 78 nM among users of vitamin-B 6 supplements (aged >65 years) and 36 nM among non-users (31) . Vitamin B 6 at high doses (>200 mg/d) has also been shown to be toxic in humans (12) . Our results showed that the increased risk for cataract among users of B vitamins only was statistically significant only in younger participants. The mechanism behind this may be the decreased gastric absorption of B vitamins secondary to atrophic gastritis, which is more common among the elderly (32, 33) . The strengths of this study include the large, populationbased, prospective cohort design. This study also has a large number of incident cases of cataract diagnosis and cataract extraction. Further, we had detailed information regarding diet and lifestyle factors, such as alcohol intake and smoking status, which allowed us to perform comprehensive adjustment of confounders as well as stratified analyses.
This study also has some limitations. Cataract diagnosis is a complex outcome, because lens opacities can occur without any symptoms. However, we also included cataract extraction as outcome, which may be of more clinical relevance and reflective of visual impairment severe enough to affect activities of daily life. Because of a lack of standardised eye examinations in the cohorts and incomplete documentation of cataract subtypes in medical records, we could not investigate whether the associations with B vitamins differed by specific subtypes. The longer follow-up time and the greater number of cataracts in this study may lead to exposure misclassification due to potential changes in the consumption of B-vitamin supplements. However, we performed sensitivity analysis using a shorter follow-up period and the results were similar. It is possible that women and men who are more health conscious may also be more likely to seek medical care for visual complaints earlier and also be more likely to use B-vitamin supplements. On the other hand, it is also possible that those using B-vitamin supplements may have a poorer overall health, as, for example, vitamin B 6 may be prescribed to patients with suboptimal or limited nutritional intake or to those with alcohol dependency or taking certain drugs. These factors may lead to potential outcome misclassification and confounding, affecting the risk estimates in either direction. However, we have adjusted for many potential confounders and performed stratified analyses; the risk estimates were similar after adjusting for several covariates. Moreover, the Swedish healthcare system allows all inhabitants to have the same affordable access to cataract extractions (patient charge <$50/surgery). Because of the observational design of our study, we cannot exclude the possibility that our results may be influenced by unmeasured or residual confounding. However, we have explored the risk for reverse causality by excluding the first 4 years of follow-up. The risk estimates remained similar, making it unlikely that reverse causality explains our results. Further, we did not have information on the exact doses of B-vitamin supplements used by the participants. However, we were able to estimate the doses using information available for B-vitamin supplements on the Swedish market during the study period.
In conclusion, our results suggest that the use of high-dose B-vitamin supplements may be associated with an increased risk for age-related cataract. The association seemed to be confined to younger participants. This potentially important association requires confirmation by other studies and in other populations.
